In this paper we use results of a novel survey covering 1000 firms from 16 different sec-tors of Turkish economy along with a two-sector general equilibrium model to measure the extent of informality in these sectors. Moreover, we also evaluate effects of two different policy tools, namely level of income taxes and tax enforcement on informality. Our results show that while both are effective policy tools in dealing with informality, enforcement is a relatively more efficient tool and tax becomes quite ineffective especially at low levels of informality.
Introduction
In this study, using a survey conducted with a sample covering 1000 representative firms in Turkey, we measure the extent of informality in 16 different sectors of Turkish economy. Using information from the survey, we calibrate a two-sector general equilibrium model to back out the extent of informal economic activities in these sectors. In the model, firms choose to operate either in the formal or the informal sector after comparing potential maximised profits from each sector. The government exogenously imposes a tax on profits of formal firms to finance its spending, which can only be partially enforced on informal firms. Once we characterise the model, we use the survey data to calibrate the model, to construct sectoral measures of informality and then to conduct and evaluate effects of several policy experiments. paying for their social security benefits. Another paper by Ihrig and Moe (2004) defines informal economy as a sector which produces legal goods, but does not comply with government regulations. As expected, informality poses serious economic, social and political problems for an economy. A large informal economy hinders governments' efforts to collect enough revenue, harming efficient provision of public goods and services, as well as reducing total productivity; thereby reducing the growth potential of an economy. On the other hand, informal sector also provides a room for firms and household to at least 3 partially avoid distortionary government taxation and regulation. It also offers employment opportunities for highly unproductive and unskilled labor that could not otherwise find any job opportunities in the formal sector and therefore would be unemployed if the informal sector were not present.
Although informality is an ubiquitous phenomenon all around the world, the determinants of it are yet to be agreed upon by economists. Even though various ideas were thrown into focus, including but not limited to the relationship between informality and tax burden, tax enforcement, institutional quality and various other economic, political and social factors 1 many issues about its nature and consequences still remain largely under-explored or unresolved. (Schneider, 2005) For example, the evidence presented in the existing literature on informality, has failed to generate a consensus around the measurement of the informal sector among researchers. Several macro or micro approaches have been suggested to provide measures of 2 informality; however these methodologies are generally not fit to obtain sectoral measures. In this regard, the contribution of our study is two-fold: First, we use a two-sector dynamic general equilibrium model and combine it with a specific firm-level survey data covering 16 different sectors and 1000 firms in Turkey. This allows us to obtain sectoral estimates 3 of the informality. Second, we use the model to investigate effects of several policy tools and report the response of informality to changes in these tools. Even though we only apply our model to the Turkish economy, provided that we have firm-level survey data includ- 2 Buehn and Schneider (2012) and Elgin and Oztunali (2012) provide an excellent review of the different methodologies used to measure extent of informal economic activity. 3 Many governments construct sectoral estimates of informality as part of their GDP statistics. These are usually based on the share of sector output estimated to be undertaken according to ' traditional' as opposed to modern technologies. However, the true share of informality, either aggregate or by sector, cannot be known, nor can any estimate be compared to it. The implications for size of different definitions can be explored, but the real issues regarding informality concern the micro foundations of productivity and growth, where size is mainly an indicator of the potential magnitude of these underlying issues. However, the main aim and contribution of this paper is not to explore these micro foundations or determinants and effects of informality, instead develop a novel size estimation approach that combines survey results with a micro-founded model.
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ing the required variables of the model, without loss of generality it can be applied to any national economy.
In the literature, there are a few studies using firm-level data or firmlevel models to understand firm behaviour with respect to informality. Most of these studies follow the size distribution idea of Lucas (1978) in which 'managerial talent' is the determinant of the size of a firm. This managerial talent manifests itself as productivity parameter, i.e. shows the unexplained part in converting factor inputs into output. Rauch (1991) had the lead in this regard and in this study firms are allowed to pay lower wages if they are small, in other words enforcement is only applied to firms bigger than a certain size, which in turn creates a dichotomy between formal and informal firms, namely small ones operate in the informal sector while large ones choose to be formal. Lucas method to investigate the determinants of informality in Brazil. They introduce lower interest rates and taxes on sales for the formal sector although the wages are the same for both formal and informal sectors. They similarly find that smaller firms operate informally and then test this finding by using a survey conducted in Brazil. Another related study is the one by 5 Cerda and Saravia (2013), where the authors try to add informal sector to an optimal taxation environment. Finally, Galiani and Weinschelbaum (2011) develops a similar model in which they try to account for three facts: the size dualism, skill dualism (low-skilled workers work in the informal sector) and a new one which states that working family members other than the household head generally work in the informal sector. On the empirical side Benjamin and Nbaye (2012) investigate the productivity differences among formal and informal firms by using data for 900 businesses in Benin, Burkina Faso and Senegal and find that formal firms exhibit higher productivity levels compared to informal firms. Similar studies have been conducted by Byiers economies. This aims to be the main contribution of our paper.
The rest of the paper proceeds as follows: In the next section we present several facts on informality in the Turkish economy. Next, in the third section we introduce our model and present its characterization. Then in the fourth section we present the calibration and simulation of the model, sector informality estimates as well as the policy experiments. Finally, in the last section we provide some concluding remarks and a discussion.
Informality in Turkish Economy
According to the aggregate estimates reported in Elgin and Oztunali (2012) or Buehn and Schneider (2012) 4 , Turkey, along with Mexico, has one of the two largest informal sectors (as % of GDP) among OECD member economies. Figure 1 below documents the evolution of informal sector size as % of GDP in 6 Turkey using both MIMIC and DGE estimates as well as the GDP-weighted average of OECD member economies. The figure reveals that Turkish informal sector has declined sharply from 1980s onwards; however is still significantly larger than the OECD average 5 . Moreover, according to a report by OECD (2008) over 40% of the labor force in the Turkish economy is either working in informal salaried jobs or as own-account or unpaid family workers. While fully informal employment is concentrated mainly in small businesses, partial informality, in the form of under-declaration of earnings, is common even in larger businesses.
Mostly due to the lack of data sectoral studies of Turkish informal economy are almost non-existent and the existing ones are generally focused on the supply side of the labor market. % of GDP. Moreover, the cross-sectional econometric analysis they conduct using the survey data shows that there is an inverted-U relationship between specific measures of informality and growth expectations of firms.
(both based on responses of firm representatives) That is, growth expectations of firms are small with lower and higher levels of informality and high with medium levels of informality. This result implies that informality does not necessarily and directly act as a barrier for growth perceptions, at least in a linear way. This is an important result for emerging markets and developing economies that generally do have a significantly large informal sector. In this respect, economic policy should be designed taking into account that informality is not necessarily a barrier for growth. Such a policy design might manifest itself as an increase in the toleration for at least some informal economic activities or should at least take into account how a reduction in informality would affect economic growth depending on the nature of the non-linearity of the relationship between these two variables.
On top of the findings of Cantekin and Elgin (2016) , the goal of the current paper is twofold: First, it aims to develop a universal methodology that can be 8 used to any economy (provided that the necessary data is available) to impute (rather than entirely estimate it using survey responses) sectoral informality estimates. Second, utilizing an already existing sectoral firm-level dataset we apply this methodology to the Turkish economy, present and characterize the findings.
Model
In what follows we present a two-sector dynamic general equilibrium model involving heterogeneity in firms as well as sectoral choice.
Firms
There is a set I of mass one heterogenous firms indexed by i that produce a single good. Heterogeneity comes from the aforementioned Lucas (1978) framework in which the managerial ability (or the productivity parameter)
A it differs across firms.
There are two types of production technologies available to firms: the first type uses capital and labor as inputs and the other one employs only labor.
The first type of technology is available for formal firms and the profit from this is taxed at the rate of τ , where (τ Î [0, 1]), whereas the second type of technology is available to informal firms. When the informal technology is chosen, the firm faces a probability of detection by the government which depends on the government's level of tax enforcement as well as the number of workers the firm employs. Enforcement is represented by the parameter ρ, where
. Likewise, the employee size is represented through a function λ(l) and this function shows that possibility of evasion from taxes it decreases as firm's number of employees increases, which is intuitively plausible as the larger the firm gets in size, the easier for it to get noticed and caught when conducting informal economic activity.
We assume that the output of a firm in the formal sector is given by
, whereas the output of a form in the informal sector is A it g(l it ).
Both production functions are of decreasing returns to scale
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, strictly increasing, strictly concave and satisfy Inada conditions. Firms rent capital from households at the rate of r t , and pay w it as wage to the workers of the formal sector and w it inf to the ones of the informal sector. Therefore the profit functions can be written as follows:
Formal Profits:
Informal Profits:
Each firm, depending on its productivity/managerial talent, chooses the sector 10 in which it is going to operate by comparing the maximized profits that they would get from each sector. Then, the firm will solve the following dichotomy: 
Proof. The results follows immediately when we insert the profit maximis-ing firstorder conditions back to the profit equations and then compare the profits of both sectors.
Corollary 1. A firm's capital or labor demand depends on which sector it is operating
in. Therefore, we have:
If we assume that markets are competitive then capital and labor will be paid at their marginal productivities, which are given by the following:
Moreover, the aggregate factor demands are the sum of individual demands. Hence:
Households
We have an infinitely lived representative household maximising over consumption {c t } t=0 ∞ and leisure {h t } t=0 ∞ subject to the following constraints:
Equation (3) is the budget constraint, equation (4) 
Government
The government in this model has an exogenous stream of expenditures which we define as {e t } ∞ . The government only imposes tax on profits. However, we assume that its only revenue source is not the profits received from the formal firms but also the income received through punishments applied to the detected informal firms. Here, we assume that the government commits to the policies it builds. The government's budget constraint is therefore given by the following:
Equilibrium
We can define the competitive equilibrium for this economy as follows: 13 
Empirical Analysis
In this section, we first show how we connect the link between the model and the survey data and then present sectoral estimates of informality using the model. Finally in the last subsection, we also conduct a policy analysis.
Parameters and Data
We are using the following standard utility function:
The production technology for a formal sector firm is given by Next, the technology available to informal firms is: 14 Moreover, λ(l), is chosen to be 12 the following:
Notice that both production functions exhibit decreasing returns to scale technologies to allow for the existence of positive amount of profits in both sectors.
The Survey
The survey data that we use in this study contains 1000 representative firms from 16 different sectors and is conducted 12 This functional form is chosen to have a probability of detection increasing with number of employees and being concave in labor. Several values for n are experimented and the reported results are using n = 2. Even though there are some evidence in the literature that firm size and legal enforcement and quality are positively related to each other (Laeven and Woodruff, 2007) the literature is far from establishing a consensus on this. Moreover, we should also mention that the model we use actually has two components for tax enforcement, these are ρ and the function l (which is a function of labor) We conduct the comparative static exercises with respect to ρ not l and actually, none of our following results change qualitatively if we drop l entirely from the analysis. These additional results are available upon request from the corresponding author. 13 Due to space constraints we do not include the whole survey within the text. Moreover, the survey is originally conducted in Turkish; however the interested reader is invited to contact the corresponding author for an English translation of the survey.
14 Nomenclature statistique des activités économiques dans la Communauté européenne (In English: Statistical Classification of Economic Activities in the European Community). It is an industry standard classification system used in Europe 15 Cantekin and Elgin (2016) use the same survey data and provide detailed summary information about the survey as well as some regressions using survey data.
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The survey contains more than fifty questions, however, in this study we use only a relatively small subset of them. This subset will serve to the purpose of extracting the necessary parameters for the numerical analysis.
These parameters include a productivity/managerial talent level, which will be used to compare the firms' threshold productivity/managerial talent level, capital and labor that the firm uses in production; factor shares, namely α, θ and γ; and wages. All these information coming out from the survey will help us to understand whether the firm operates in the formal or informal sector. This allows us to calculate the factors shares, at the firm level, at the sector level as well as at the economy level after aggregation. Finally, in order to make a comparison with the threshold productivity/managerial talent level, we need the productivity level a firm can reach in the formal sector. To do that we use the values of income, capital and labor, factor shares and the equations (7-8) and extract
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A it at the firm-level. If this level is higher than the threshold, then the firm will choose to operate in the formal sector since its productivity/managerial talent will result in higher profits in the formal sector than in the informal one. Surely, one might wonder whether it is appropriate to adopt two different methods to obtain the size of the aggragate informal economy and then deduct the sectoral levels based on this calibration. However, considering the fact that the two aggregate measures we use are originating from the most frequently used methods in the literature, The baseline tax rate τ is the current average income tax in Turkey, which is 20 %. Enforcement is taken to be zero in the baseline case. Table 2 summarizes the baseline parameter values.
Results

Benchmark
After calibration with the previously mentioned baseline parameters, we ob- and P (health and social services), both at 16%. These significant crosssectoral variations justifies our idea of a sectoral analysis and suggest that every sector should be investigated separately when analysing informality tendencies in different sectors.
Firm Size
In our study, sectors that have a higher tendency for informality almost consist of small and medium enterprises with low averages of income. As they are mainly small firms, the costs of being formal is greater for them and this naturally results in them being in the informal sector. On the other hand, in the sectors that are highly formal, the ones mentioned in the previous paragraph, the size distribution is much more in favour of larger firms. This is in line with previous findings suggesting that smaller firms (and especially selfemployment businesses) have a higher tendency to be informal. Aiming to 2 0 visualise our findings in this regard, the histograms in Figure 2 illustrate the frequency of firms (informal and formal, respectively) with respect to their revenues, and Figure 3 with respect to their number of employees. These histograms clearly show that informal firms tend to be smaller both in revenue and number of employees. 20
Policy Evaluation
After obtaining the benchmark estimates of informality in each sector, we now turn to comparative static exercises with respect to policy tools. Specifically, we will focus on two policy tools present in the model: Tax rate and tax enforcement.The benchmark values were set as τ = 0.2 and ρ = 0.
In the first simulation exercise, we use different values of enforcement while keeping the initial tax rate constant at 0.2. Specifically, we vary the tax enforcement parameter on the informal sector, ρ from 0 to 0.6 and report the sectoral informality estimates (as % of total revenue in the sector) in Table 4 . One policy recommendation one can make given these results can be that enforcement should be directed to sectors responding much faster than the ones which do not.
Next, as a second comparative-statics exercise, we keep the enforcement level constant at its benchmark level of ρ = 0 and play vary the income tax rate τ from 10 to 50 %, instead of keeping it fixed at τ = 0.2.
A common result in many papers that investigate the relationship between taxes and informality is that higher taxes push more firms to the informal sector by increasing costs of being formal. Therefore, we expect that increasing the tax rate will increase the level of informality. The results of this exercise are reported in Table 5 .
The first thing we observe in Table 5 is that the effect of varying tax rate is faster than the effect of varying enforcement. Increasing the tax rate from 20 to 50% more than doubles the aggregate size of the informal sector from 30 to 71 % . However, when we reduce the benchmark tax rate from 20 to 10 %, the impact on overall informality is almost negligible. (3%). This also indicates that the marginal effect of the income tax increases with increasing level of taxes. One important result we obtain from this exercise is that while increases in the income tax causes large increases in informality; a reduction is less effective, especially compared to increasing enforcement. 22 Moreover, similar to Table 4 , we also observe a significant sectoral variation in the response of informality tendencies to changes in taxes. For example, reducing the tax rate from 20 to 10 % does not create any change in 9 sectors; however leads to a very significant reduction (at about 50 %) in sectors F and Q. These results again show that an effective tax policy should be designed by taking these differences in sectoral responses into account. Next, we increase the level of enforcement to 0.95 and vary the tax rate again in the range between 10 to 50 %. The results for this exercise are presented in Table 6 . Here we that a very high level of enforcement allows for much higher tax rates without increasing informality to high levels.
unemployment or social unrest.
Finally, we also run two different exercises in which we report the behaviour of aggregate informal sector size, tax revenue and social welfare with varying tax enforcement and tax rate, respectively. To this end, Table 7 presents how these three variables respond to a change in tax enforcement ρ.
Specifically, we observe from Table 7 that increasing tax enforcement from 0 to 1 dramatically decreases informal sector size (as % of the formal economy) and increases the tax revenue. However, social welfare measured by the level of contemporaneous utility decreases in an amount of 0.74 % consumption equivalent. Table 8 reports results of a similar exercise with fixed ρ = 0 but varying tax rate τ . Increasing the tax rate from 0 to 0.50 in increments of 0.05, dramatically increases informal sector size and reduces social welfare in an amount of 6.56 % consumption equivalent. Tax revenue (maximized at a tax rate of 30% exhibits a behavior similar to the Laffer Curve and increases up to a certain level and then decreases very rapidly. Accordingly, for a government concerned with societal welfare, reducing taxes seems to be the only tool to 24 reduce informal sector size.
The simulation results in Table 7 and 8 indicate that a welfare maximizing government should always choose τ = 0 and ρ = 0, given that the government does not need any tax revenue. However, if we assume that the government should at least collect some revenue to finance an exogenously given (or targeted) amount of government spending or use an exogenously given tax rate (such as τ = 0.20) then again, a welfare maximizing government should set ρ equal to 0 and therefore tolerate a relatively larger informal sector. Surely, all these exercises implicitly assume that tax revenue is not used for productive purposes that might positively affect formal output. Obviously, in such a case, a strictly positive ρ or τ would be optimal.
A Further Analysis
Since the survey data we utilise contains several questions regarding informality perceptions of the interviewees, it allows us to compare our informality estimates against the estimates reported by the survey respondents. In the survey, there are several questions the answers of which can be used as proxies 25 for level of informal economic activity. These questions are as follows: of its total salary spending. The percentage of firms that stay report a ratio below this number can be used as a proxy.
In Table 9 we present the inputed informality measures we obtain using the responses and perceptions of Interviewees (based on these four questions) and compare it with our simulated benchmark estimates. Here we observe that the estimates we construct using our model are not significantly different from the responses and the perceptions of the interviewees. Especially, Q1, which, by construction, is the closest map to our constructed variables (perceived informality as % of total revenue in the sector) has a very high cross-sectoral correlation (0.98) with our cross-sectoral estimates. Similarly, the correlation with the estimate based on Q2, Q3 and Q4 are 0.89, 0.72 and 0.58, respectively. This illustrates that our inputed estimates using the dynamic general equilibrium model is in line with the perceived informality measures based on the responses of the interviewees.
Concluding Remarks
In this study, we used findings from a firm-level survey of the Turkish economy to measure informality in different sectors of the economy as well as evaluated 26 different policy tools to reduce it. To this end, we built a two-sector dynamic general equilibrium model and used it along with the firm-level survey to back out sectoral informality size.
Our estimates show that different sectors have different idiosyncratic properties thereby having different levels of informality. Moreover, our comparative statics exercises indicate that at the economy level, enforcement is quite effective in dealing with informality. However, certain sectors are less responsive to changes in enforcement, which suggests that a government focus on the sectors that are sensitive to enforcement could be a beneficial and efficient way to address informality. Income tax, on the other hand, is also effective but at higher levels of enforcement, its effect reduces. Moreover, welfare effects of these tools should also be taken into account as increasing tax enforcement or taxes both reduce social welfare.
Our model is quite standard and is in need of several firm-level data series in order to obtain sectoral estimates of informality. Therefore, it is quite
